Modern agriculture increasingly applies new methods and technologies to increase production and nutrient use efficiencies and at the same time reduce leaching of nutrients and greenhouse gas emissions. The present study explores the possibility of using a physically based model to interpret spatially variable data and whether the model sensitivity to changes in input may lead to a valid and useful output, such as spatially variable need for nitrogen fertilization. Analysis showed that the model was sensitive to the variation in hydraulic properties, but especially increases in soil organic matter content resulted in significant upsurge of mineralization.
Introduction
In precision nutrient management, fields are divided into one or more homogeneous zones and fertilizer is distributed according to the requirement of each zone. New remote, mobile technologies, substantial increase in digital processing speed, digital data storage capacity and improvements in physically based modelling have shown new possibilities for precision farming management.
From remote and mobile technologies it may be possible to get spatial information on fertilizer of, e.g. nitrogen and hence give the farmer valuable information to adjust his field management operations. Additional information on how to doze nitrogen fertilizer more precise may be obtained from simulation models. Shaffer et al. (2001) reviewed several relevant Soil Vegetation Atmosphere Transfer (SVAT) and Carbon/Nitrogen (C/N) turnover models, among others, the model Daisy (Hansen et al., 1991 , Abrahamsen & Hansen, 2002 , Hansen et al., 2012 .
The present paper explores the sensitivity of the Daisy model to variations in model parameters in the range they may appear in mapping of soil and crop characteristics. The accuracy of the model is also discussed and evaluated in relation to precision nitrogen management, comparing simulation output to data from an experiment with potatoes grown with various irrigation and nitrogen inputs. Finally, the Daisy model is discussed as to its appropriateness for use in precision nitrogen management.
Materials and Methods
Mobile NIR spectroscopy (350-2500nm) has given new possibilities for mapping of spatial heterogeneity of e.g. soil texture (Fig. 1 ) and organic carbon content (Fig 2b) , The Daisy model v. 5.15 (http://code.google.com/p/daisy-model/ ) was used to simulate potato (var. Folva) grown under various water and nitrogen regimes. The model includes carbon and linked nitrogen turnover described by first order kinetics, which governs changes in slow and fast pools of added organic matter (AOM), soil microbial matter (SMB) and dead soil organic matter (SOM). Water dynamics is calculated from numerical solutions of Richards' equation (Richards, 1931) and nitrogen dynamics from the convection-dispersion equation. Hydraulic parameters are obtained from measurements and RETC optimization of van Genuchten-Mualem (Van Genuchten, 1980) parameters or obtained from pedo-transfer functions (e.g. HYPRES, http://www.macaulay.ac.uk/hypres/) based on input of soil dry bulk density, texture and humus content. The potato crop model in Daisy was calibrated in a former study (Heidmann et al., 2008) , and the only calibration of model parameters was the auto calibration of the ratio SOM1/(SOM1+SOM2), where1 and 2 denote pools with slow and fast degradation, respectively (Hansen et al,. 2012 Former measurements of soil hydraulic and other soil characteristic were used to parameterize the Daisy hydraulic model, and met data from the local weather station (less than one km from the experimental field) was used as input to the model. Djurhuus et al. (1999) showed that the Daisy model could describe the spatial and temporal variability in soil nitrate content in the autumn season after spring barley (Fig.  3) . This variation was obtained by running Daisy 57 times with 57 different sets of measured soil hydraulic parameters. The variation in hydraulic parameters had a marked influence on other model output, such as water balance, crop dry matter and nitrogen yield, and nitrogen leaching, cf. Table 1 , and this result clearly shows the potential of the model for use in precision nutrient management, where input of spatially distributed zones characterized by different sets of hydraulic parameters govern nitrogen uptake, and hence varying need for nitrogen fertilizer input.
Results and Discussion
Another important soil parameter which influences the nitrogen turnover is the content of soil organic carbon (%) (in Daisy assumed equal to 0.58·humus content (%)). Table 2 shows a sensitivity analysis carried out in the present study of the effect of variations in the humus content and C/N ratio on the background nitrogen mineralization (turnover of SOM) calculated with Daisy for a growing system with a yearly input of 2900 kg carbon, which mimics a cropping system based on mineral fertilizer input and removal of straw (Styczen et al. 2005) . Especially a correct setting of the soil humus content is important as variation from 0.9 to 2.8% shows nitrogen background mineralization from -13 kg N ha -1 year -1 (immobilization) to 17 kg N ha -1 year -1 . Taking this variation into account in a precision nutrient management perspective is also relevant, as a more precise input of nitrogen in management zones may improve yield, save nitrogen fertilizer and reduce nitrogen leaching. (Djurhuus et al., 1999) . (Djurhuus et al., 1999) . Table 2 . Background N mineralization simulated with the Daisy model at a yearly carbon input of 2900 kg/ha and different humus content and C/N ratio. To argue further for the Daisy model as a tool for use in precision nitrogen management a validation study was carried out. Figure 4 shows a comparison of measured and Daisy-calculated potato tuber dry matter yield and nitrogen in tubers.
Good agreement to measured values was found, when using one set of model parameters (effective parameters). Additional studies may show if the variations among replicates can be predicted if the natural variations in hydraulic parameters and humus content are introduced to the model.
Conclusions
Mapping of soil and crop parameters show great potential for precision farming. In particular, spatial data on soil hydraulic parameters and humus content are important input to physically-based SVAT and C/N turnover models. The Daisy model was found quite sensitive to parameterization of hydraulic properties and soil humus content. In a validation study Daisy simulated well the DM yield and N uptake in potatoes. The use of Daisy in precision nutrient management shows great potential as it responds to variation in parameters some of which are easy to obtain from mapping. The model can describe spatial variability within a field and it calculates well average values for a field based on effective parameters.
